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ABSTRACT
Objectives: To analyse how economic downturns
affect child mortality both globally and among
subgroups of countries of variable income levels.
Design: Retrospective observational study using
economic data from the World Bank’s Development
Indicators and Global Development Finance (2013
edition). Child mortality data were sourced from the
Institute for Health Metrics and Evaluation.
Setting: Global.
Participants: 204 countries between 1981 and 2010.
Main outcome measures: Child mortality,
controlling for country-specific differences in political,
healthcare, cultural, structural, educational and
economic factors.
Results: 197 countries experienced at least 1
economic downturn between 1981 and 2010, with a
mean of 7.97 downturns per country (range 0–21; SD
0.45). At the global level, downturns were associated
with significant (p<0.0001) deteriorations in each child
mortality measure, in comparison with non-downturn
years: neonatal (coefficient: 1.11, 95% CI 0.855 to
1.37), postneonatal (2.00, 95% CI 1.61 to 2.38), child
(2.93, 95% CI 2.26 to 3.60) and under 5 years of age
(5.44, 95% CI 4.31 to 6.58) mortality rates. Stronger
(larger falls in the growth rate of gross domestic
product/capita) and longer (lasting 2 years rather
than 1) downturns were associated with larger
significant deteriorations (p<0.001). During economic
downturns, countries in the poorest quartile
experienced ∼1½ times greater deterioration in
neonatal mortality, compared with their own baseline;
a 3-fold deterioration in postneonatal mortality;
a 9-fold deterioration in child mortality and a 3-fold
deterioration in under-5 mortality, than countries in the
wealthiest quartile (p<0.0005). For 1–5 years after
downturns ended, each mortality measure continued
to display significant deteriorations (p<0.0001).
Conclusions: Economic downturns occur frequently
and are associated with significant deteriorations in
child mortality, with worse declines in lower income
countries.
INTRODUCTION
The negative health effects of the recent
global economic downturn are a major
Key questions
What is already known about this topic?
▸ Economic crises have been associated with
adverse population health outcomes, although
some studies have conversely failed to show
negative effects on health outcomes during
recessions.
▸ Economic downturns in developing countries
have been associated with rises in maternal and
infant mortality, with larger shocks associated
with proportionally increased mortality.
▸ There is an absence of work comparing the
effects of economic downturns on child health
across all low-income, middle-income and high-
income countries, important for prioritising and
targeting policy interventions.
What are the new findings?
▸ This study uses global data to provide a direct
comparison of the magnitude of economic down-
turns on child mortality between low-income,
middle-income and high-income countries.
▸ Those children (under-5) in the poorest countries
experienced a threefold deterioration in mortality
during economic downturns when compared with
those in the wealthiest countries.
▸ Children, who are the most vulnerable and inno-
cent, experience adverse health outcomes during
economic downturns, a phenomenon that is
much more marked in poorer countries.
Recommendations for policy
▸ These findings reinforce the global dimension
and critical importance of this issue
▸ Economic downturns occur arguably more
commonly than pandemics or natural disasters
and yet preventative and protective policies do
not exist at the international level to ensure
health system resilience during economic
downturns.
▸ Notably, there are no internationally adopted strat-
egies to mitigate risks to health outcomes during
economic downturns.
▸ The strong association between economic down-
turns and adverse child mortality indicates the
urgent need for a multilateral initiative to miti-
gate the risks of economic downturns on child
health.
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concern worldwide.1 2 Until now, several studies have
explored theoretically and empirically the adverse
health consequences of the economic crisis,3–5 with ana-
lyses of selected population health outcomes in single or
small groups of countries.6–10 Indeed, the recent eco-
nomic crisis has been estimated to be associated with
over 260 000 excess cancer deaths in the Organisation
for Economic Co-operation and Development (OECD)
alone.11 However, some studies have failed to show nega-
tive effects on health outcomes during recessions or con-
versely positive health beneﬁts in times of economic
growth.12–14 Until now, published studies have largely
focused on the impact of economic changes on popula-
tion health in high-income countries,6–10 12–14 with a
limited number analysing the health impact of eco-
nomic crises on low-income and middle-income coun-
tries (LMICs).15–19 Since poorer nations, on the whole,
tend to have weaker social welfare systems, secondary to
politico-economic constraints, and have more fragile
health systems, their populations may be more vulner-
able to economic downturns.
The United Nations (UN) Standing Committee on
Nutrition has demonstrated that recessions in develop-
ing nations are signiﬁcantly associated with malnutrition
among pregnant women and children. Congruently, eco-
nomic shocks have been associated with rises in mater-
nal and infant mortality in low-income countries.15–19
However, thus far the nature and magnitude of these
adverse health effects have not been quantiﬁably com-
pared with health economic trends in high-income
countries.
To provide greater insight into the relationship
between economic changes and population health out-
comes, we analysed the impact of economic downturns
on child mortality across 204 countries from 1981 to
2010. Child health is a global priority, having previously
been the focus of the UN’s Millennium Development
Goal (MDG) 4,20 now incorporated into the Sustainable
Development Goal (SDG) 3.21 We analysed and com-
pared these relationships for high-income and low-
income countries.
Our analysis is timely, given the ‘severe funding short-
fall’ for maternal and child health reported by the
Independent Expert Review Group (iERG).22
METHODS
Data collection
We used economic data from the World Bank’s
Development Indicators and Global Development
Finance 2013 edition.23 In this data set, data were
extracted for 214 countries from 1981 to 2010. Data on
gross domestic product (GDP)/capita (local currency
units) were available for 204 of these countries (see
online supplementary table A, appendix). We used child
mortality data (neonatal, postneonatal, 1–5 years (child)
and under-5 mortality, deﬁned in online supplementary
table O; see online supplementary appendix) reported
by the Institute for Health Metrics and Evaluation,
matched to the same time period, 1981–2010.24 Data
were extracted for the years 1981–2010. Data were
missing for some of the countries in some of the years,
bringing the total number of country-years available to
4828.
Economic downturns and recessions
A recession is typically deﬁned as two consecutive quar-
ters of negative economic growth. Data, however, were
only available for GDP per capita on a yearly basis
(World Bank data code NY.GDP.PCAP.KD.ZG). Hence,
rather than recession, we used ‘economic downturn’ as
our measure of negative economic growth. We deﬁned
an economic downturn as a year in which the GDP per
capita was lower, by any amount, than that of the previ-
ous year. This measure captured more sustained down-
turns and excluded intra-annual statistical aberrations in
GDP ﬁgures, which have been a point of controversy
among economists.25 We measured GDP in constant
local currency, and used the mid-year population ﬁgure
of the country in question to calculate the per capita
GDP ﬁgure. Robustness checks were introduced to assess
the impact of the magnitude of downturns.
Statistical analysis
We used multivariate regression models to analyse the
associations between economic downturns and
population-level health outcomes. We measured the
impact of downturns by adding a dummy variable to the
multivariate regression model, which took 1 when a
country was in a downturn and 0 when a country was
not. We also assessed the impact of changes in the
growth rate of GDP/capita (increases or decreases) on
population health measures.
We included 203 dummy variables for each of the 204
countries, excluding an arbitrarily chosen reference
country. Doing this meant that models evaluated mortal-
ity changes within individual countries while holding
constant time-invariant differences between countries,
including higher predispositions to child mortality as
well as political, healthcare, cultural, structural, educa-
tional and economic differences. In effect, this model-
ling approach made the data more comparable and
removed any potentially confounding between-country
differences, thus isolating the association between eco-
nomic downturns and child mortality. In addition, total
population size and demographic structure (both the
population over 65 and under 15 years of age) were
included as further controls. While our approach held
time-invariant differences between countries constant, as
part of our robustness checks, we speciﬁcally introduced
controls for factors likely to contribute to child health:
additional political (armed personnel as a percentage of
labour force), healthcare (diphtheria, polio and tetanus,
and measles immunisation rates), cultural (percentage
of the population living in urban areas), structural
(water accessibility), educational (percentage of
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children with progression to secondary school) and eco-
nomic factors. Controls were chosen based on data avail-
ability. This approach is based on methodology that has
been used and validated in studies by our group and
others.7 11 Since we included several control variables
(in turn losing degrees of freedom and reducing sample
size), our approach was conservative.26 Finally, given that
the data were characterised by heteroscedasticity, we
included robust SEs in the model. The regression model
we used is shown by the equation:
DHi; t–DHi ¼ aþ b DUi; t–DUið Þþh tþ gi tþ 1i; t
ð1Þ
Where i is the country and t the year; H is the health
metric; U is the measure of GDP/capita change over a
year; α represents the population structure of the country
being analysed, η is a dummy variable for each country
included in the regression model, and γ the country-
speciﬁc rate of acceleration in the mortality rate from the
health condition being analysed; and ɛ is the error term.
We explored the effect of stronger downturns on mea-
sures of child health outcomes by analysing within-
downturn changes in the growth rate of GDP/capita. We
also conducted regressions to analyse the effect of the
length of the economic downturn—comparing the
second and subsequent years of multi-year downturns to
the ﬁrst year of all downturns. A 1–5-year time-lag multi-
variate analysis was also conducted to quantify the effect
of downturns on child health measures up to 5 years
after the year in which the downturns took place, con-
trolling for intralag downturns.
Countries were also stratiﬁed into quartiles based on
GDP per capita. A country’s rank and subsequent quar-
tile was calculated based on its average GDP per capita
(2000 US$ standardised) from 1981 to 2010 (see online
supplementary table A, appendix). Data were not
available for 5 of the 204 countries (see online
supplementary table A, appendix). The aforementioned
multivariate regression analyses were conducted to
measure the association between downturns and health
outcomes within each quartile. We conducted several
robustness checks detailed in the Results section.
All data and models were conducted using Stata SE
V.12 (Stata Corporation).
RESULTS
Table 1 shows the results of regression models for 204
countries between 1981 and 2010, after controlling for
population size, demographic structure and country-
speciﬁc differences in healthcare infrastructure and
wealth, using a dummy variable for economic downturns
and a ﬁxed-effects approach.
Of the 204 countries analysed, 197 experienced at
least one economic downturn between 1981 and 2010,
with a mean of 7.97 downturns per country across the
period (SD 0.45; range 0–21 downturns). At the global
level, downturns were associated with signiﬁcant
(p<0.0001) deteriorations in each child mortality
measure analysed, in comparison with non-downturn
years: neonatal (coefﬁcient: 1.11, 95% CI 0.855 to 1.37),
postneonatal (2.00, 95% CI 1.61 to 2.38), child (2.93,
95% CI 2.26 to 3.60) and under 5 years of age (5.44,
95% CI 4.31 to 6.58) mortality rates. Table 2 examines
all years where there was a change in GDP per capita
(either an increase or a decrease) and thereby provides
a broader analysis of the link between the economy and
child mortality. The impact of a 1% change in GDP/
capita on the four child mortality measures used is dis-
played. Annual changes in GDP/capita were associated
with signiﬁcant changes in each child mortality measure
(p<0.0001), congruent with results obtained when using
an economic downturn dummy variable only.
Table 2 The effects of GDP/capita changes on child health outcomes
Child health outcome analysed Coefficient Robust SE p Value 95% Lower CI 95% Higher CI
Neonatal mortality −0.0681 (0.01124) 0.0000*** −0.0901 −0.0461
Postneonatal mortality −0.1364 (0.01940) 0.0000*** −0.1744 −0.0984
1–5 (child) mortality −0.1641 (0.02725) 0.0000*** −0.2176 −0.1107
Under-5 mortality −0.3315 (0.05011) 0.0000*** −0.4297 −0.2332
*p<0.05, **p<0.01, ***p<0.001. Total number of observations for each row: 4828.
Table 1 The effects of economic downturns on child health outcomes
Child health outcome analysed Coefficient Robust SE p Value 95% Lower CI 95% Higher CI
Neonatal mortality 1.1145 (0.13250) 0.0000*** 0.8547 1.3742
Postneonatal mortality 1.9954 (0.19718) 0.0000*** 1.6088 2.3820
1–5 (child) mortality 2.9290 (0.34311) 0.0000*** 2.2564 3.6017
Under-5 mortality 5.4420 (0.57864) 0.0000*** 4.3076 6.5764
*p<0.05, **p<0.01, ***p<0.001. Total number of observations for each row: 4828.
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Using the same models, multiple regression analysis
showed decreases in health spending from public
sources, measured as a percentage of GDP, were asso-
ciated with signiﬁcant (p<0.005) increases in neonatal
(coefﬁcient: 0.40, 95% CI 0.26 to 0.55), postneonatal
(0.57, 95% CI 0.34 to 0.79), children aged 1–5 years
(1.40, 95% CI 1.00 to 1.80) and children under 5 years
of age (2.15, 95% CI 1.47 to 2.84) mortality rates.
Decreases in health spending from public sources were
also associated with signiﬁcant declines (p<0.001) in
physician availability (number of physicians per 100 000;
coefﬁcient: −0.070, 95% CI −0.1 to −0.39), percentage
of births attended by skilled health staff (−0.53, 95% CI
−1.13 to −0.045) and total hospital beds per 1000
people (−1.80, 95% CI −0.27 to −0.09).
One, 2, 3, 4 and 5 years after downturns ended, all
four child mortality measures consistently displayed sig-
niﬁcant deteriorations, with the magnitude of coefﬁ-
cients decreasing overall as time from recessions elapsed
(p<0.0001; see online supplementary table B, appendix).
Regression analyses focusing on intradownturn changes
in metrics revealed that greater annual GDP declines
were associated with signiﬁcant deteriorations in
neonatal, children aged 1–5 years and under 5 years of
age mortality (p<0.05; see online supplementary table C,
appendix). Subsequent years of downturns (ie, years
after the ﬁrst year of multiyear downturns) were
associated with signiﬁcant deteriorations in all mortality
measures compared with the ﬁrst year of all downturns
(p<0.005; see online supplementary table D, appendix).
Countries were stratiﬁed into quartiles based on mean
GDP per capita from 1981 to 2010 (see online
supplementary table E, appendix). Countries in each
income quartile are listed in online supplementary table
A, appendix. GDP/capita changes were associated with
signiﬁcant changes in the four child mortality measures
(p<0.005), both in the wealthiest and poorest quartiles.
Compared with the wealthiest quartile, countries in the
poorest quartile displayed larger, signiﬁcant deteriora-
tions in all four child mortality measures analysed.
During downturns, countries in the poorest quartile
experienced 1.64 times greater deteriorations in neo-
natal mortality; 3.33 times larger deteriorations in post-
neonatal mortality; 9.10 times greater deteriorations in
1–5 years old child mortality and 3.48 larger deteriora-
tions in under-5 mortality than did countries in the
wealthiest quartile (p<0.0005). Between 1981 and 2010,
countries in the richest quartile experienced on average
7.31 downturns, and those in the poorest quartile
experienced 10.07 downturns, demonstrating that the
poorest countries, in addition to displaying the largest
changes in the child mortality measures analysed during
a downturn, experienced on average the greatest
number of downturns.
Robustness checks
To assess the strength of these results, a series of robust-
ness checks were conducted. First, two additional
measures of GDP/capita were used: one that measured
GDP in terms of purchasing power parity (PPP) in con-
stant 2005 international dollars, and the other which
measured GDP in terms of PPP in current international
dollars. The results were unaffected; all mortality mea-
sures still displayed signiﬁcant associations with reces-
sions and changes in GDP/capita (see online
supplementary tables F and G, appendix). Second,
removing metric observations with year-to-year ﬂuctua-
tions exceeding 150% did not change results. Third,
when controlling speciﬁcally for political, structural and
cultural factors likely to contribute to child health (as
deﬁned in the Methods section), largely similar results
were obtained (see online supplementary tables H and
I, appendix). Despite attenuation of ﬁndings due to
decreased sample sizes and therefore power, downturns
continued to be associated with signiﬁcantly worse child
mortality. Controlling for educational factors did not
affect our ﬁndings, with all metrics remaining signiﬁ-
cant. Further, controlling for speciﬁc healthcare factors
did not change results; economic downturns continued
to be signiﬁcantly associated with worse child mortality.
Fourth, we included inﬂation in the regression model.
There was complete overlap between these results and
those of the original regressions (see online
supplementary tables J and K, appendix). Fifth, to
account for variations in surveillance strength and data
recording between countries, and the possibility that
data quality from poorer nations may be less robust, we
restricted our analysis to ‘level 1’ and ‘level 2’ quality
data sources as deﬁned by the WHO, removing 106
countries from the analysis (see online supplementary
table L, appendix). Downturns and changes in the
growth rate of GDP/capita were associated with signiﬁ-
cant changes in each of the child mortality measures;
displaying highly similar coefﬁcients. Sixth, we used
World Bank mortality data as an alternative source for
our analyses. Economic downturns were associated with
signiﬁcant increases in child mortality measures (see
online supplementary table M; appendix); this remained
the case when restricting analyses to level 1 and 2 data
sources (see online supplementary table N, appendix).
DISCUSSION
Principal findings
Our analysis has provided new insights into the adverse
impact of economic downturns on child mortality glo-
bally, especially in low-income countries. Economic
downturns were shown to be frequent, and associated
with signiﬁcant deteriorations in the four child mortality
measures analysed. Deteriorations were found in rich
and poor countries alike, worsening with downturn
strength (larger relative GDP/capita declines) and
duration (downturns lasting more than 1 year). For
1–5 years after downturns ended, each mortality
measure continued to display signiﬁcant deteriorations.
Poorer countries (those in the lowest per capita GDP
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income quartile) experienced the largest changes in
child mortality, in some cases up to nine times that of
wealthier countries, and on average experienced the
greatest number of downturns.
Strengths and weaknesses of the present study
The present study used global data, taken from high-
quality, objective and centralised databases, avoiding
both selection and recall bias. The volume of data used
allowed for high statistical powering, providing conﬁ-
dence in the results obtained. Our study demonstrates
the adverse effects of economic downturns on child
health at a macro level, allowing an analysis of global
trends over a long time period. In addition, our work
used three measures of economic downturns (GDP per
capita in local currency units, PPP (2005 international
dollars) and PPP (current international dollars)),
employing both an economic downturn dummy and
crude GDP per capita changes, in addition to adjusting
for sociodemographic and intercountry variations,
incorporating over 200 controls.
It is important, however, to note the limitations of this
study. First, we performed an analysis of 204 countries to
provide a global analysis. This limits the applicability of
our ﬁndings at the national and subnational level.
Second, our study focused on child mortality measures,
limiting identiﬁcation and analysis of causal factors
linking economic downturns to health. Third, we
deﬁned economic downturns as annual declines in
GDP/capita, excluding changes at the quarterly or semi-
annual level. This may have resulted in an over-
representation of economic changes more commonly
occurring in developing countries than those in devel-
oped countries. We were also unable to model the effect
of downturns on different strata of society; given the
effect of downturns on socioeconomic status (ﬁgure 1),
we would expect changes in the growth rate of GDP per
capita to have the largest impact on the poorest
members of society. Fourth, we were unable to control
for relative differences between countries in overall
spending on healthcare. Fifth, we did not account for
endogeneity, as we assume that economic changes have
an effect on public health outcomes. However, the
pathway could theoretically be the opposite: increases in
mortality could cause economic downturns. We consider
this to be unlikely, unless the mortality levels are very
large; it seems implausible to suggest that changes in
public health would have a signiﬁcant effect on GDP
per capita particularly in the short term, although we
accept that such an effect is more likely in the develop-
ing world.27 Further, as a robustness check, we reran
analyses adjusting for such factors; the association
between downturns and child mortality remained (see
online supplementary tables H and I, appendix). Sixth,
our study is retrospective and observational; it is not a
prospective study and so we are only able to comment
on association. Evidently, an experiment could not be
done to test our hypothesis—for example, by modifying
the GDP per capita of a country while holding all other
factors constant. Finally, we only investigated the short-
term impact of economic downturns; previous studies
have demonstrated that the impact of such downturns
can be both delayed and long-lasting.28
Strengths and weaknesses compared with other studies
In the context of the studies focusing on child health
effects of economic recessions and economic crises,
there is a small body of literature suggesting an associ-
ation between economic shocks and increased child
mortality.15–19 Unlike previous work,15 we were unable to
Figure 1 Potential causal
pathways linking economic
downturns to increases in child
mortality.
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report differential results by child gender or maternal
characteristics; or examine the effect of the magnitude
of the economic shock on child mortality. However,
much of the existing literature looks at only a subset of
countries in the developing world, with limited compari-
sons across countries with different incomes. We have
therefore provided, for the ﬁrst time, a direct compari-
son of the effect of economic downturns on child
mortality across low-income, middle-income and high-
income countries. By stratifying countries into quartiles
by GDP per capita, we were able to make comparisons
across income brackets. Countries in the lowest income
quartile displayed the largest deteriorations in the child
health outcomes measured and also experienced the
greatest number of recessions. Our work allows for these
important direct comparisons, providing the inter-
national community with evidence of a relative disadvan-
tage to children in poorer countries during economic
downturns and allowing for more targeted and priori-
tised interventions.
Further, our current work, in part due to the inclusion
of LMICs, counters some earlier studies from higher
income countries suggesting that recessions may be asso-
ciated with improved health outcomes, or the reciprocal
argument that economic growth may be associated with
worsened health outcomes12–14—and provides a caution
in developing policy recommendations for LMICs by
extrapolating ﬁndings of studies in high-income nations
(such as those mentioned).
Meaning of the study
This work demonstrates the vulnerability of young chil-
dren who are often the ﬁrst, and most innocent, victims
of major social disruption. The fact that the association
is larger in lower income countries lends credence to
the thought that it is those at the margins of poverty
who are the primary sufferers and that those systems
with limited health expenditures are less resilient to eco-
nomic shocks.
The mechanisms by which economic downturns affect
population health outcomes warrant further investiga-
tion. Figure 1 summarises potential causal mechanisms
based on our analyses and current literature.29–44
Economic downturns are likely to adversely impact child
mortality by negatively inﬂuencing the provision of care
for children at the individual level, and reducing health
spending at the system level. Notably, downturns have a
number of consequences that negatively affect parents’
ability to maintain good child health. During downturns,
people are likely to be—or feel—poorer.45 46 Parents
may reduce food purchases, or purchase poorer quality
food,47 48 leading to lower levels of child nutrition and
hence higher mortality.49
Medical care may also worsen during economic down-
turns. Particularly in countries where health expendi-
tures are predominantly out of pocket—that is, where
essential services are not publicly ﬁnanced—parents may
reduce access to health services to save money.50 51 In
addition, the quality of medical care on offer may
decline, as downturns lead to lower hospital budgets.40
Both of these processes would contribute to lower child
healthcare and hence to higher mortality. Our analyses
also demonstrate that reduced healthcare spending, fre-
quently experienced during economic downturns,40 is
associated with signiﬁcant decreases in physician avail-
ability, hospital bed availability and, in turn, rises in all
measures of child mortality.
Our ﬁnding that 197 countries experienced economic
downturns during 1981–2010, the period of analysis, on
average eight times each, reinforces the global dimen-
sion and critical importance of this issue for public
health. In particular, the risks posed to child health by
frequent economic downturns warrant discussion.
Although economic downturns occur arguably more
commonly than pandemics or natural disasters,52 53 and
affect a range of health outcomes; preventative and pro-
tective policies do not exist at the national or inter-
national level to ensure health system resilience during
economic downturns. Notably, there are no internation-
ally adopted strategies to mitigate risks to health out-
comes during economic downturns, despite the
concerns raised by the UN in 2009.
Unanswered questions and future research
As described, detailed work to develop and implement
an international initiative aimed at preserving child
health during economic downturns is well overdue.
The strong association between economic downturns
and adverse child mortality indicates an urgent need
for a multilateral initiative to mitigate the risks of eco-
nomic downturns on child health. Further work,
including analysis at the national and subnational
levels and to further elucidate and unpick likely causal
factors would assist policymakers in the funding and
implementation of high value interventions. Additional
research and policy interventions, particular in low-
income countries, could potentially address avoidable
child mortality.
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